




Rapidity	
  is	
  Different	
  

•  longitudinal 1d Hubble like expansion 
•  rapidity separation   time of last correlation 

from Raju 
Venugopalan 

Bjorken, Lect. Notes in Phys. 56 (Springer, 1976) p. 59; PRD 27, 140 (1983) 
Shuryak, Phys. Lett. 78B, 150 (1978) 



Rapidity	
  Correla2ons	
  
Longitudinal	
  fields	
  ini2ally	
  
	
  
Fields	
  	
  gluons	
  +	
  quarks	
  
at	
  ~	
  fixed	
  proper	
  2me	
  	
  

long	
  range:	
  larger	
  Δy	
  pairs	
  	
  –	
  correlated	
  only	
  by	
  produc2on	
  mechanism	
  	
  

short	
  range:	
  pairs	
  
nearby	
  in	
  rapidity	
  
evolve	
  together	
  

Δy < λmfp /τ 0

  τ 0 > 2R / γ



Short	
  and	
  Long	
  Range	
  Correla2ons	
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Sources	
  of	
  Correla2ons	
  	
  
Short	
  range	
  correla2ons	
  
•  HBT	
  
•  Jets	
  
•  Resonances	
  
•  Phase	
  Transi2ons	
  	
  

Long	
  range	
  correla2ons	
  
•  Flux	
  tubes	
  
•  Baryon	
  Stopping	
  
•  Conserva2on	
  Laws	
  

ω →πππ

– see Yi Yin’s talk   
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Can	
  Correla2ons	
  Probe	
  the	
  Origin	
  of	
  
Hydrodynamics?	
  



Origin	
  of	
  Flow:	
  Issues	
  

•  GLASMA,	
  pQCD	
  contribu2ons	
  to	
  early	
  flow	
  
and	
  flow	
  observables	
  	
  

•  Thermaliza2on,	
  isotropiza2on,	
  what	
  do	
  you	
  
need	
  for	
  flow?	
  	
  
Bozek, Schee, Schenke, Schlichting, Strickland 

Fries, Mäntysaari 
Dusling, Venugopalan, Gyulassy, Torrieri, et al.  



Wilke van der Schee	
  



Soeren Schlichting	
  

Rainer Fries 
Heikki Mäntysaari 

Mike Strickland 
 	
  



How	
  to	
  Calculate	
  Correla2on	
  Func2ons?	
  
Ingredients:	
  
•  Hydro,	
  EOS	
  
•  Ini2al	
  Condi2ons	
  
•  Dissipa2on,	
  Transport	
  Coefficients	
  
•  Fluctua2ons	
  	
  

Fluctua2ons	
  are	
  important:	
  	
  
•  dissipa2on	
  without	
  fluctua2ons	
  wipes	
  out	
  
correlated	
  structure	
  	
  

•  fluctua2ons	
  seed	
  phase	
  separa2on	
  



Fluctua2ons	
  in	
  Hydrodynamics	
  

•  Ini2al	
  Fluctua2ons	
  
– source:	
  par2cipants	
  
– most	
  important	
  

•  Thermal	
  noise	
  in	
  hydro	
  
– source:	
  all	
  par2cles	
  
– most	
  important	
  for	
  observables	
  
that	
  minimize	
  shape	
  effects	
  



Fluctua2ons	
  in	
  Hydrodynamics	
  

•  Ini2al	
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•  Thermal	
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  in	
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Kapusta, Müller, Stephanov; Abdel-Aziz 
& Gavin; Murase, Hirano 
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What	
  Can	
  We	
  Learn?	
  
•  Flow	
  fluctua2ons	
  	
  
	
  	
  	
  	
  and	
  the	
  Ridge	
  

•  	
  	
  	
  	
  and	
  2nd	
  Order	
  	
  	
  	
  	
  	
  
coefficient	
  	
  	
  

Young, Grönqvist 

Moschelli 

•  Diffusion	
  Constants	
  and	
  Thermal	
  Conduc2vity	
  	
  
Martinez, Noronha 
Stephanov and Shuryak; Abdel-Aziz & Gavin 

τπ

η



	
  	
  
Jorge Noronha 

  τπT ~ 5η / skine2c	
  theory	
  



How	
  to	
  Measure?	
  Correla2on	
  Func2ons	
  

•  rapidity	
  correla2ons	
  

•  net-­‐baryon	
  balance	
  func2on	
  	
  

  S(η1,η2 ) = pairs− (singles)2

  B(η1,η2 ) = (singles)2

  
Snet (η1,η2 ) =

S+− − S++

single
Martinez, Noronha 
Pratt; Abdel-Aziz & SG 

Moschelli 

•  pt	
  covariance	
  –	
  momentum	
  weighted	
  S 	
  	
  



STAR Pseudorapidity Correlations 
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Find:	
  rapidity	
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peak	
  grows	
  with	
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STAR, J.Phys. G35 (2008) 104090 



Isola2ng	
  Long	
  Range	
  Correla2ons	
  

•  Rapidity	
  de-­‐correla2on	
  of	
  anisotropic	
  flow	
  
	
  

•  Pseudorapidity	
  Correla2ons	
  	
  

Li, Huang 
Abdelrahman, Wu 

Bzdak, Bozek, Brionowski 
Li, Radhakrishnan, Ji      
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Long	
  Range	
  Pseudorapidity	
  Correla2ons	
  
Bzdak  

Brionowski 
Bozek 

see also Ji’s Talk 



Pseudorapidity Correlations 
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200 GeV 
62 GeV 

Peak η Width 

Find:	
  rapidity	
  width	
  of	
  central	
  
peak	
  grows	
  with	
  increasing	
  
centrality	
  

ALICE (QM2011) 

ATLAS (our fit) 

Peak η Width 

ALICE 
 

ATLAS 
pt > 500 MeV 



Rapidity	
  Asymmetry	
  	
   Bzdak, Ji, 
Broniowski 



Bzdak, Ji, Bozek 
Broniowski, Schenke    

Moments	
  of	
  the	
  Correla2on	
  Func2on	
  



Causes	
  of	
  Asymmetry	
  
Long	
  range:	
  
•  Fluctua2ng	
  flux	
  tube	
  length	
  

•  Baryon	
  stopping?	
  	
  
	
  	
  	
  	
  Beam	
  energy	
  scan	
  	
  

Bozek, Broniowski, Schenke 

Csernai, et al.	
  

Short	
  range:	
  	
  
•  vor2city	
  transfer	
  to	
  fireball	
  
	
  



Björn Schenke    



Thanks	
  to	
  the	
  organizers:	
  	
  
Adrian	
  Dumitru,	
  Kevin	
  Dusling,	
  	
  	
  	
  	
  	
  	
  	
  	
  Jiangyong	
  Jia,	
  	
  
Akihiko	
  Monnai,	
  Paul	
  Sorensen,	
  	
  	
  	
  	
  	
  	
  and	
  Prithwish	
  Tribedy	
  	
  
	
  
Thanks	
  to	
  the	
  speakers!	
  	
  
	
  
	
  
Thanks	
  to	
  RBRC	
  and	
  especially	
  Pam	
  Esposito!	
  
Safe	
  home!!	
  

	
  





ATLAS	
  Pseudorapidity	
  Correla2ons	
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Fluctua2ons	
  in	
  Hydro	
  

•  Ini2al	
  Fluctua2ons	
  
– dominates	
  top	
  RHIC/LHC	
  	
  energies	
  

•  Thermal	
  noise	
  in	
  hydro	
  
–  important	
  for	
  observables	
  that	
  
minimize	
  shape	
  effects	
  	
  

•  Phase	
  transi2on	
  
– maybe	
  most	
  important	
  	
  	
  	
  

	
  



Longitudinal	
  Geometry	
  and	
  Torque	
  

zRP 

zPP 

Bozek et al. – flux tube fluctuations 
Csernai, et al. – vorticity transfer to fireball 
Low energy – baryon stopping  



Fluctua2ons	
  in	
  Hydrodynamics	
  

•  Ini2al	
  Fluctua2ons	
  

•  Thermal	
  noise	
  in	
  hydro	
  

Broniowski, Martinez, Bozek, Schenke 

Gronqvist, Moschelli, Young, Teaney 
Kapusta, Müller, Stephanov; Abdel-Aziz & Gavin; 
Murase, Hirano 

•  Phase	
  separa2on	
  and	
  cri2cal	
  phenomena	
  
Yi Yin 
Stephanov et al.; Bower & Gavin; Kapusta & Torres-
Rincon; Randrup & Steinheimer; Herold, Nahrgang, 
Yan, Kobdaj 


